OBJECTIVE: To investigate tolerability and glycemic control over 26 weeks in patients with type 2 diabetes (T2D) who initiated insulin with, or switched to, biphasic insulin aspart 30/70 (BIAsp 30) in routine clinical care. METH-ODS: This was a non-randomized, non-interventional, open-label, observational study involving patients under the care of approximately 150 insulin-prescribing physicians in Denmark. All patients enrolled were prescribed BIAsp 30 in routine care. Starting dose, dose titration and injection frequency were determined individually by each physician. Information on serious adverse drug reactions (SADR), glycemic parameters and hypoglycemic events were obtained from patients' notes, patients' diaries and recall, and transferred to case report forms by physicians at baseline (during 4 weeks prior to BIAsp 30 therapy) and after 12 and 26 weeks of treatment. RESULTS: 421 subjects were recruited and 392 provided safety data. The age (mean ± SD) was 62.0 ± 11.4 years, body mass index (BMI) 30.4 ± 6.4 kg/m 2 , duration of diabetes 9.1 ± 8.1 years and HbA1c (%) 9.4 ± 1.7. 199 subjects were prior insulin users and 193 were insulinnaïve patients. Four patients reported a SADR (3 hypoglycemia, 1 severe hypoglycemia). HbA1c was significantly reduced after 26 weeks of BIAsp 30 therapy: prior insulin users -1.2%, insulin-naïve patients -2.2% (both p < 0.001). 28% and 41% of patients, respectively, reached target HbA1c < 7%. Overall the hypoglycemia rate was lower for insulin-naïve patients than for prior insulin users: 5.0 vs. 6.6 episodes/patient-year (p < 0.05). CONCLUSION: Initiating insulin with, or switching insulin to, BIAsp 30 in routine care was safe and effective in patients with T2D.
Introduction
he achievement of glycemic targets and minimizing the risks of diabetes-related complications are major goals of diabetes management [1] . However, once targets have been reached, maintaining these levels of control in the face of progressing disease is a challenge for patients with type 2 diabetes and their physicians.
After diet and lifestyle changes, many patients with type 2 diabetes are prescribed oral antidiabetic drugs (OAD). When taken as monotherapy, their benefit is relatively short-lived. After 3 years, approximately 50% of patients are unable to maintain glycosylated hemo-globin (HbA1c) below 7% [2] , the American Diabetes Association recommended HbA1c target [3] . At this juncture, another class of OAD can be added to the treatment regimen, or insulin therapy can be initiated.
Because of the well-documented glucose-lowering power of exogenous insulin, many patients with type 2 diabetes progress to insulin therapy after the failure of OAD. Basal insulin is often the first type of insulin prescribed, with studies showing good results for neutral protamine Hagedorn (NPH) insulin and basal insulin analogs in patients previously insulin-naïve but still taking OAD [4] [5] [6] [7] .
However, clinical trials have shown that initiating insulin with the modern premixed insulin, biphasic insulin aspart 30/70 (BIAsp 30: 30% insulin aspart, 70% protaminated aspart) twice-daily (BID) can be more efficacious than initiating with the basal analog, insulin glargine [8, 9] . In the INITIATE study, HbA1c reduction after 28 weeks was significantly greater with BIAsp 30 BID therapy than with insulin glargine once daily (OD), -2.79% vs. -2.36%, respectively (p < 0.01). Furthermore, HbA1c reductions were even larger in patients with poor HbA1c at baseline (i.e., >8.5%). This was due to 25% lower postprandial glycemic exposure with BIAsp 30, since fasting plasma glucose (FPG) reductions were similar for both insulins [8] . In these studies, major hypoglycemia and serious adverse events were rarely reported with both BIAsp 30 and insulin glargine [8, 9] . Such tolerability, together with the potential to improve glycemic control, makes BIAsp 30 an attractive option for patients currently treated with conventional biphasic human insulins.
Several pharmacological studies have shown that BIAsp 30 is absorbed faster and produces a higher peak plasma insulin level than does biphasic human insulin 30/70 (BHI 30) [10] [11] [12] . Consequently, BIAsp 30 provides greater postprandial glycemic control, with the added benefit of lower reported rates of major hypoglycemia, compared with human premix in patients with type 2 diabetes already using insulin [13] [14] [15] .
It is important to know if these results with BIAsp 30 from randomized controlled trials (RCT) are achievable in daily routine practice in hospital outpatient clinics and primary care clinics. For this purpose, observational studies are a valuable tool for collecting real-life data to complement those from RCT. The aims of this observational study were to investigate the frequency of serious adverse drug reactions (SADR), including major hypoglycemia, and glycemic control over 26 weeks in patients with type 2 diabetes initiating insulin with, or switching to, BIAsp 30 as part of routine clinical care.
Methods and materials

Patients and study design
This was an open-label, observational study involving patients with type 2 diabetes in the care of 141 insulin-prescribing physicians in Denmark, either in a hospital or a primary care setting. The study was conducted in accordance with the Declaration of Helsinki.
Insulin-naïve patients who started insulin therapy with BIAsp 30 and patients who switched from other insulin regimens to BIAsp 30 by prescription of their physician as part of routine clinical practice in order to improve glycemic control were eligible for the study. The selection of patients was at the discretion of the treating physician.
Treatment of patients with BIAsp 30
BIAsp 30 was prescribed by the physicians as part of normal clinical evaluation. The starting dose and injection frequency were determined individually by each physician, as well as later changes to either dose or injection frequency.
Physicians evaluated their patients at the following three routinely scheduled clinic visits: 
Data collection
Information from patient recall, patients' notes and patients' self-monitored blood glucose diaries were collected on case report forms (CRF) by physicians at baseline (during 4 weeks prior to starting BIAsp 30 therapy) and at week 12 and week 26 of BIAsp 30 treatment.
Endpoints
The primary endpoint was the incidence of SADR leading to death, a life-threatening experience, hospitalization or significant disability/incapacity, including major hypoglycemia, during BIAsp 30 therapy. Episodes of major hypoglycemia were defined as events with severe central nervous system symptoms in subjects unable to treat themselves, accompanied by plasma glucose < 3.1 mmol/l or reversal of symptoms after food, glucagon injection or intravenous glucose. This analysis was carried out using the safety population (i.e. all patients who received at least one dose of BIAsp 30 and returned safety data).
Secondary endpoints were changes from baseline in HbA1c and mean FPG at 12 and 26 weeks, and overall, daytime and nocturnal frequency of hypoglycemic events (major and minor), summarized at baseline, 12 weeks and 26 weeks. A minor hypoglycemic event was defined as having one of the following characteristics: symptoms of hypoglycemia that resolved with oral carbohydrate or any plasma glucose measurement <3.1 mmol/l, regardless of symptoms. Nocturnal hypoglycemic events were defined as symptomatic events occurring during sleep, between bed-time and rising in the morning. Hypoglycemia data were collected over 4 week periods prior to each visit. SADR and hypoglycemia analyses were carried out using the safety population, equal to the intention-to-treat (ITT) population. Efficacy analyses were carried out using the on-treatment population.
Statistical analyses
Participants were stratified according to prior insulin use (prior insulin users and insulin-naïve). The upper 95% confidence limits were estimated for the primary endpoint, but no significance testing was performed. Statistical analyses were performed on changes from baseline of HbA1c and FPG at each visit using the paired t-test. Statistical analyses on rates of hypoglycemic events were performed between subgroups, using a test of proportions.
Results
Patient flow
Of the 421 participants recruited, 29 failed to provide safety data, leaving 392 participants in the safety (also the ITT) population (199 insulin-treated; 193 previously insulin-naïve). A further 11 participants were eliminated for failing to provide efficacy data, leaving 381 participants in the on-treatment population. A total of 352 participants completed the study. A diagram of patient flow is shown in Figure 1 .
Demographics and baseline characteristics
Demographics and baseline characteristics were similar between prior insulin users and insulin-naïve patients, with the exception that diabetes duration was almost twice as long in prior insulin users than observed in insulin-naïve patients, as would be expected (Table 1) . Overall, 30.4% of patients came from primary care.
At the time of starting BIAsp 30 therapy, 234 patients (prior insulin users and insulin-naïve patients combined) were also taking OAD. The most frequently used were biguanides (85% of patients), sulfonylureas (22%) and thiazolidinediones (1%). This prescribing pattern was similar at the final visit. For patients previously using insulin, the vast majority (97%) were taking just one OAD at the start of the study. For insulin-naïve patients, 87% were taking one OAD and 13% two OAD at the start of the study.
The most common insulins used prior to the start of BIAsp 30 therapy were NPH insulin (63% of patients) and human premixed insulin (22%). The remaining participants were on insulin analogs. The mean (SEM) total daily insulin dose was 40.7 (28.4) IU. At the initiation of BIAsp 30 therapy (baseline visit), three out of four patients (74%) were not given a glycemic target by their physician. The most common reason for physicians to start patients on BIAsp 30 therapy was to improve glycemic control (88% of patients). 
Incidence of serious adverse drug reactions (SADR)
Four patients reported a SADR, two (1% of the cohort) in the prior insulin users group and two (1%) in the insulin-naïve group. Of these, three reported their events to be 'hypoglycemia' and the fourth (insulin-naïve) reported 'severe hypoglycemia' ( Table 2) .
HbA1c levels
HbA1c was significantly reduced from baseline after both 12 and 26 weeks of BIAsp 30 therapy, for both prior insulin users and insulin-naïve patients (Figure 2) . The mean (SEM) HbA1c reduction at the end of the study was -1.2 (0.13)% for prior insulin users and -2.2 (0.15)% for the insulin-naïve group.
Both insulin-naïve and prior insulin users with HbA1c ≥ 8.5% at baseline reported larger HbA1c reductions from baseline at 12 and 26 weeks than the overall group cohorts. For insulin users, with HbA1c ≥ 8.5%, HbA1c reductions (mean ± SEM) were -1.4 ± 0.16 (p < 0.001) at 12 weeks and -1.7 ± 0.17 (p < 0.001) at 26 weeks. For insulin-naïve patients, with HbA1c ≥ 8.5% at baseline, HbA1c reductions (mean ± SEM) were -2.3 ± 0.16 (p < 0.001) at 12 weeks and -2.9 ± 0.15 (p < 0.001) at 26 weeks. The difference between insulin users and insulin-naïve patients was statistically significant at 12 and 26 weeks for those with baseline HbA1c ≥ 8.5% only. The mean difference at 12 weeks was 0.83%, (95% CI: 0.38-1.28%) and at 26 weeks was 1.17% (95% CI: 0.73-1.61%).
HbA1c reductions in patients with baseline HbA1c < 8.5% were smaller than in those with baseline HbA1c ≥ 8.5% at both 12 and 26 weeks. Specifically, HbA1c reduction of insulin users, with HbA1c < 8.5%, was -0.23 ± 0.10 (p < 0.05) at 12 weeks and -0.34% (0.10) (p < 0.01) at 26 weeks. Insulin-naive patients, with HbA1c < 8.5%, experienced a HbA1c reduction of -0.35 ± 0.13 (p < 0.01) at 12 weeks and -0.44 ± 0.14 (p < 0.01) at 26 weeks. The large group of NPH insulin-treated patients who switched to BIAsp 30 had a significant improvement in HbA1c at 26 weeks when compared with baseline levels (-1.23%, p < 0.001). HbA1c (mean ± SD) at baseline was 9.2 ± 1.7 and after 26 weeks 7.9 ± 1.3.
Overall, the proportion of patients reaching the HbA1c target of < 7.0% at 26 weeks was significantly higher for insulin-naïve patients: 28% of insulin users vs. 41% of insulin-naïve patients (difference: 13%, 95% CI: 3-24%) (Figure 3 ). Patients attending hospital outpatient clinics had higher HbA1c at baseline than patients in primary care settings (Table 3) , but prior insulin users and insulinnaïve patients in both groups showed significantly improved HbA1c at the final visit. As in the overall population, HbA1c reductions were greater in insulinnaïve patients than in prior insulin users in both settings (Table 3) .
Fasting plasma glucose
Mean self-measured FPG levels decreased from baseline after both 12 weeks and 26 weeks of BIAsp 30 therapy, for prior insulin users and insulin-naïve patients (Figure 4 ). Changes in FPG (mean ± SEM) from baseline were significantly larger for insulin-naïve patients. FPG levels for prior insulin users were -0.3 ± 0.4 mmol/l at 12 weeks (not statistically significant), and -1.1 ± 0.4 mmol/l at 26 weeks (p < 0.01). FPG levels for insulin-naïve patients were -3.3 ± 0.4 mmol/l (p < 0.001) at 12 weeks and -3.7 ± 0.4 mmol/l (p < 0.001) at 26 weeks.
Hypoglycemia
The proportion of patients reporting any hypoglycemia (any time of day) was lower at baseline for insulin-naïve patients than for prior insulin users: 5% vs. 13% of patients, respectively. At the end of the study, the proportion was similar between groups: 14% and 17%, respectively.
Hypoglycemia incidence and rate were reportedly lower at night than during the daytime in both groups (Table 4) . However, hypoglycemia rates were also significantly lower at night-time (and hence in total) for insulin-naïve patients compared with the prior insulin users (Table 4) . Major hypoglycemia was extremely rare in both groups. There were no episodes of major hypoglycemia at baseline in either group, and only 1% of prior insulin users and insulin-naïve patients reported major episodes at 12 weeks and 26 weeks of therapy with BIAsp 30. Neither group reported any major hypoglycemia at night-time.
Weight change
Over the 26 week observation period, both prior insulin users and insulin-naïve patients gained weight ( Figure 5 ). Changes from baseline at 26 weeks were +1.0 kg (p < 0.01) and +1.4 kg (p < 0.01) for prior insulin users and insulin-naïve patients, respectively. Regression analyses for the relationship between body weight change from baseline and baseline BMI demonstrated a negative correlation: those with the lowest BMI gained relatively more weight than those with a high baseline BMI (p < 0.001) Also, no relationship was found between baseline BMI or prior insulin use and HbA1c outcome.
Insulin dose
The total daily dose of BIAsp 30 increased from baseline at 12 and 26 weeks, in both prior insulin users and insulin-naïve groups. Insulin dose at all three visits was significantly higher in prior insulin users than in previously insulin-naïve patients (Table 5) . Among the insulin users, 66% injected BIAsp 30 twice-daily (BID) at baseline, with 24% injecting once daily (OD) and 10% three-times-daily (TID). At the final visit, the proportion of insulin users injecting BIAsp 30 BID remained unchanged (66%), while 12% injected OD and 22% TID.
Among the insulin-naïve patients, the most common injection frequency at baseline was OD (58%), with 39% injecting BID and 3% TID. At the final visit, 67% of this group were injecting BIAsp 30 BID, with 25% injecting OD and 8% TID.
Regression analysis showed that insulin dose was positively correlated with HbA1c over time, such that increased HbA1c was associated with increased dose (0.008%/unit insulin; p < 0.001). Thus, while mean HbA1c decreased from baseline at 12 and 26 weeks, patients with a higher HbA1c at each time point received larger insulin doses than those with a lower HbA1c.
At the final visit, greater insulin dose was also significantly correlated with higher body weight for prior insulin users and insulin-naïve patients: both 0.21 kg/unit insulin; p < 0.001 and p < 0.01, respectively.
Discussion
While RCT are perceived as the 'gold standard' in clinical investigation, observational studies such as this have certain features making them valuable tools for providing complementary data to those from RCT. Some of the features include fewer restrictions on patient numbers, the opportunity to study numerous outcomes, and the applicability of results to a broader patient population [16] . The observational study therefore offers an insight into clinical practice and outcomes.
In the present observational study, initiating insulin therapy or switching existing insulin therapy to BIAsp 30 proved safe and effective, with only 1% of patients reporting an SADR. This compares favorably with data from RCT. In a 6 month comparison of twice-daily BIAsp 30 plus metformin vs. once-daily insulin glargine plus glimepiride, 7.8% of insulin-naïve patients with type 2 diabetes in the BIAsp group reported a SADR, compared with 8.7% in the glargine group [9] . Consistent with our findings, a large, international observational study, PRESENT, also found very low rates of adverse events associated with BIAsp 30 therapy. Adverse drug reactions occurred at a rate of 0.05 events per patient-year and only 13 SADR were reported over a 6 month period in a population of almost 22,000 patients [17] .
In our study, with patients taking BIAsp 30 therapy, glycemic control (measured by HbA1c and FPG) improved significantly for both prior insulin users and previously insulin-naïve patients during the observational period. The majority of improvement in both HbA1c and FPG occurred during the first 12 weeks of BIAsp 30 therapy, with further improvement up to 26 weeks. Predictably, patients who were previously insulin-naïve showed larger reductions in HbA1c and FPG than those who were previously insulin users, resulting in significantly more insulin-naïve patients reaching target HbA1c < 7.0% (41% vs. 28%, respectively).
Similar results have been found in an RCT of insulin-naïve patients with type 2 diabetes (the 4T study [5] ) and in the larger PRESENT observational study [17] . Of the 235 patients in the 4T study randomized to receive BIAsp 30 BID (where a further 239 patients were randomized to prandial insulin analog and 234 to basal insulin analog), 41.7% achieved the target HbA1c < 7.0% with regular dose titration to target glycemic levels. In the PRESENT study, patients who were treatment-naïve or insulin-naïve (oral therapy only) achieved 6 month HbA1c reductions of -2.35% and -2.15%, respectively, while those who were previously using insulin alone, or with oral therapy, achieved reductions of -1.45% and -1.47%, respectively [17] .
Rates of overall hypoglycemia in our observational study were very similar to that found in the 4T study described earlier [5] (using similar criteria to define hypoglycemia), confirming that results from RCT transfer to routine clinical practice. Our rates of hypoglycemia were 5.0 and 6.6 events per person-year (for insulin-naïve and prior insulin users, respectively), compared with 5.7 events per person per year for BID dosing of BIAsp 30 in the 4T study [5] .
Also consistent with data from clinical trials, the occurrence of major hypoglycemia with BIAsp 30 was very low in this observational study, and no events were reported to occur at night. In a two-year RCT of BIAsp 30 vs. BHI 30, patients with type 2 diabetes reported a total of only 3 events of major hypoglycemia during the first year, and no events during the second year [14] . Similarly, a 32 week crossover study of these same premix insulins reported only 2 episodes of major hypoglycemia associated with BIAsp 30 therapy, among a study population of 160 people with type 2 diabetes [18] .
In the present study, the rate of overall hypoglycemia was higher during the day than at night for both groups, supporting the findings of the abovementioned study [18] which, as well as patient selfreporting, used continuous glucose monitoring to record episodes of low interstitial glucose (IG) in BIAsp 30-treated patients with type 2 diabetes. Here, the daytime rate with BIAsp 30 therapy was 2.6 episodes (IG < 3.5 mmol/l) per patient-week compared with 1.2 episodes at night.
In our study, hypoglycemia was also significantly lower at night in insulin-naïve patients than in prior insulin users (0.1 vs. 1.2 events/patient-year). This is contrary to the findings in the PRESENT observational study, in which end-of-study hypoglycemia rates were less than 1 event/patient year in all pre-study treatment groups. Our findings may therefore represent differences in the study populations and/or the large difference in daily BIAsp 30 dose between prior insulin users and insulinnaïve patients. The mean BIAsp 30 dose at 26 weeks for prior insulin users was almost 50% larger than that for the insulin-naïve group, possibly reflecting greater residual beta-cell function in the insulin-naïve patients, which in turn has been suggested to reduce the risk of severe hypoglycemia [19] . It must be stressed that the higher rate of 1.2 events/patient-year observed in prior insulin users is still very low.
Despite the difference in dosing, baseline and endof-study weights were similar for insulin-naïve patients and prior insulin users. Weight gain was modest in both groups: 1.4 and 1.0 kg, respectively. This is consistent with the PRESENT observational study involving 17,946 patients who returned data after 6 months' BIAsp 30 therapy. Regardless of pre-study therapy (insulin/naïve), the mean final visit weight for all patient groups was within 1 kg of the baseline weight [17] .
Weight gain associated with BIAsp 30 therapy is often higher in clinical trials than in observational stud- ies. This may be because the insulin dose is titrated towards a treatment target. While this may produce impressive glycemic control, the resulting high insulin dose can lead to increased weight gain. In the 1-2-3 study [20] , patients were started on BIAsp 30 with a once-daily injection for 16 weeks, increasing to two and then three injections if the glycemic target (HbA1c < 6.5%) was not met. The mean daily dose increased from 0.6 U/kg for once-daily BIAsp 30 to 1.52 U/kg, with a concomitant increase in weight of 5 kg [20] . A similar amount of weight gain was observed during the ACTION study, when BIAsp 30 was added to an optimized OAD regimen in patients with type 2 diabetes [21] . Again, an insulin dose titration algorithm was used, resulting in 76% of BIAsp 30-treated patients achieving HbA1c < 7.0%, however their body weight increased by an average of 4.6 kg [21] . Dose adjustment in our observational study was done at the discretion of the individual physicians. The results, which reflect routine clinical practice in Denmark, demonstrate that weight gain need not be a barrier to initiating insulin therapy in patients with type 2 diabetes.
Conclusions
The benefits of BIAsp 30 therapy demonstrated in randomized, clinical trials are apparent in a real clinical setting. Initiating insulin with, or switching insulin therapy to, BIAsp 30 is safe and effective in patients with type 2 diabetes. Improvement in glycemic control was substantial in previously insulin-naïve patients, as well as in prior insulin users. Since the majority of prior insulin users were injecting human basal insulin, these data suggest that intensification with BIAsp 30 is a suitable strategy for patients with type 2 diabetes with inadequate glycemic control.
